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Abstract
Background—This study attempted to clarify the household and mother’s lifestyle factors that
contribute to the greater fetal vulnerability of African-American individuals to airborne polycyclic
aromatic hydrocarbons (PAH).

Methods—Non-smoking pregnant women with no known risks of adverse birth outcome were
monitored for their personal exposure to airborne PAH. Birth outcomes were collected from the
hospital medical record. Modification of the airborne PAH effects was statistically examined. In
linear regression analyses, modification of PAH effect by demographic, socioeconomic and
behavioural traits on birth weight and fetal growth ratio were respectively tested, adjusting for the
gestational age, gender, parity, delivery season, maternal body mass index and weight gained
during the present pregnancy.

Results—Maternal obesity exacerbated the airborne PAH risk by −491 g per 25th to 80th
percentile unit exposure (95% CI −197 to −786 g; p<0.01) among African Americans. In addition,
frequent dietary intake of smoked, grilled or barbequed items independently reduced the birth
weight of African-American newborns by −204 g (95% CI −21 to −387 g; p=0.03).

Conclusion—Maternal obesity significantly exacerbated the risk of prenatal PAH exposure in
African-American newborns. Also, frequent dietary consumption of PAH-laden food items posed
an independent risk on the reduced birth weight among African Americans.

Socioeconomically disadvantaged and/or ethnic minorities face greater risks of adverse birth
outcomes following prenatal exposure to ambient air pollution.1–5 Greater vulnerability to
air pollution in such subgroups has been speculated to be related to differences in underlying
health status, poorer healthcare access, dietary intake of items with lower nutritional value,
co-exposure to other environmental pollutants, social or psychological stress and instability
in residential setting.3 However, the extent to which specific individual attributes or
neighbourhood-level socioeconomic indicators confound or modify the harms of ambient air
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pollution remains unknown.3 As a result, identification of the modifiers of ambient air
pollution effect, as well as clarification of the mechanisms of their actions represent an
urgent research need.3

In our ongoing prospective birth cohort study in New York City, prenatal exposure to
airborne polycyclic aromatic hydrocarbons (PAH) significantly increased the risks of lower
birth weight,6 small for gestational age7 as well as preterm delivery7 among African
Americans. However, similar risks were not observed among Dominican individuals
residing in the same neighbourhood. The socioeconomic background of all women in the
study was overall homogeneous. The self-reported mean annual household income was US
$20 000 or less for 67% of African Americans and 72% of Dominicans.8 Maternal
educational attainment was also similar.8 Furthermore, mean prenatal exposure levels of
airborne PAH were comparable between the two groups.7, 8 However, the two groups, based
on the self-identified ethnic backgrounds, differ in other co-exposure characteristics,9
dietary habits and cultural heritage.8 For example, prenatal exposure to second-hand smoke
was more intensive among African Americans than Dominicans in our cohort.9 Prenatal
exposure to second-hand smoke was associated with significantly reduced mental
development index at 2 years of age regardless of maternal ethnic background.9 The risk of
neurodevelopmental delay was exacerbated among those children whose mothers
experienced difficulty paying for monthly rent, food or clothing (defined as material
hardship) during their pregnancy.9

Based on this observation, we posited that lifestyle practices and stress experienced by the
mother during her pregnancy contributes to greater risks of airborne PAH among African
Americans. In particular, we tested modification of the airborne PAH effect on birth weight
by mother’s inability to pay for monthly rent, food or clothing (coded as a single variable),
maternal prepregnancy obesity, frequency of consuming grilled, barbecued or blackened
food (sources of PAH), being unmarried and co-exposure to second-hand smoke more than
2 h a day.

METHODS
A complete description of the study appears elsewhere.6, 7 In an ongoing prospective birth
cohort study, non-smoking, low-income, African-American and Dominican women with no
known risks of adverse pregnancy outcome (eg, inadequate prenatal care, diabetes,
hypertension, HIV, or illicit drug use) were recruited from local prenatal care clinics
between January 1998 and June 2005. The Institutional Review Board of the New York
Presbyterian Medical Center approved the study; and informed consent was obtained from
all study participants.

During the third trimester, each woman (N=615) was interviewed and completed a
questionnaire on her health, lifestyle and exposure. Following the interview, each was
provided with a personal air monitor. It operated for a consecutive 48-h period. Particulate
and semi-volatile PAH were analysed for pyrene and eight carcinogenic PAH:
benz(a)anthracene, chrysene/isochrysene, benzo(b) fluoranthene, benzo(k) fluoranthene,
benzo(α)pyrene (BαP), indeno(1,2,3-cd)pyrene, dibenz(a,h)anthracene and benzo
(g,h,i)perylene.

Outcomes of interest
Birth weight, coded as a continuous variable (g unit) was the main outcome variable. The
birth weight has been validated.7, 8 Fetal growth ratio, which is a clinically validated marker
of intrauterine growth restriction, was calculated for each newborn as a secondary
outcome.7, 8 The fetal growth ratio was defined as observed birth weight/mean birth weight
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at a given gestational age for each gender and ethnic group based on the 1994–6 US birth
weight distribution.10 The ratio indicates the percentage underweight relative to the mean.
The sum of the eight carcinogenic PAH was the main exposure variable. Following natural
log (ln) transformation, the variable conformed to the normality. Our exposure unit of
interest, a ln unit PAH exposure, was equivalent to an increase from the 25th to the 80th
percentile (1.55–4.31 ng/m3) in the overall cohort.

Statistical analysis
Descriptive analysis—The internal validity of the material hardship has been
demonstrated in our cohort.9 Separate analysis was conducted for each ethnic groups
because we previously demonstrated significantly different PAH effects.6–9 We considered
the following variables for their potential PAH modifying role: being unmarried during the
present pregnancy, maternal prepregnancy body mass index (BMI) 30 or greater, any
material hardship (ie, inability to pay for food, monthly rent, or clothing during the present
pregnancy), second-hand smoke exposure for 2 h a day or more, and consuming smoked,
grilled, barbequed items more than twice a week based on our previous analyses and the
literature review. We could not examine other correlates of socioeconomic status (ie, degree
of maternal education attainment and degree of acculturation) due to their high correlation
with ethnic identity in this cohort. We compared the arithmetic mean birth weight (95% CI),
considering their normal distribution, per increasing quartile of exposure categories of the
airborne PAH.

Stratified linear regression analysis—Separate linear regression analysis was
conducted for each ethnic group, further stratified according to the suspected effect
modifiers. We controlled for the newborn gender, centered gestational age, square term of
the centered gestational age, delivery season, parity, maternal BMI and weight gained during
the present pregnancy, to be consistent with our previous analysis.7 The sizes of the outcome
(ie, birth weight reduction per 25th–80th percentile increase in exposure) were compared
between the modifier-stratified groups. Reference PAH effect was defined as birth weight
reduction in the adjusted PAH regression model for each ethnic group.

In a comprehensive model, each interaction term was forward selected to the baseline
model. The baseline model was adjusted for the above confounders and PAH effect
modification by maternal ethnic background (ie, airborne PAH×African-American).6 The
given interaction term was retained in the comprehensive model if the −2 log likelihood
value was significantly larger under the χ2 distributions with α=0.05 than the model without
the interaction term. If the interaction term under consideration induced notable
multicollinearity (variance inflation factor ≥30), the term was eliminated.11 In the final
model, the highest variance inflation factor was 9.15, suggesting stability in the estimated
size of birth weight reduction. Similar linear regression on the fetal growth ratio per same
unit exposure was conducted controlling for the same set of confounders as above.

RESULTS
Exposure and lifestyle characteristics of the maternal cohort

African-American pregnant women were more likely to report social disadvantages and co-
exposures during pregnancy than Dominican women (reference group) (table 1). The
African-American women reported more intensive daily (h/day and number of cigarette
smoked in the woman’s presence/day) and chronic (months/gestation) second-hand smoke
exposure not only during the present pregnancy, but also within the past 2 years (h/day and
months/gestation), compared with the Dominican women (see table 1). Prevalences of being
unmarried during the current pregnancy, obesity and the frequency of the dietary intake of
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grilled, barbecued or blackened food items were significantly higher among African-
American women than Dominican women. On the other hand, a higher proportion of the
African-American women (68%) reported that they did not experience any material
hardship, compared with the Dominican women (54%).

Modification of PAH effect on birth weight
With increasing prenatal PAH exposure quartile, mean birth weight reduction was
significantly reduced for the African-American newborns (table 2). In particular, the size of
the reduction at the highest quartile range was larger for the African Americans whose
mothers had the following respective characteristics: unmarried; exposed to second-hand
smoke 2 h a day or more; or frequently consumed dietary PAH. Reference groups were the
African-American newborns at the highest quartile range without the corresponding traits.

Based on the multivariate linear regression models, the estimated birth weight reduction per
25th–80th percentile increase in airborne PAH was 10-fold greater for those from obese
mothers than those from non-obese mothers only among the African Americans (see figure
1). The African-American newborns of either unmarried mothers or those who experienced
material hardship did not show considerably greater reduction than that in the overall
African Americans (see figure 1). The African-American newborns whose mothers
experienced second-hand smoke exposure (≥2 h/day) had a somewhat larger PAH effect
(−200 g, 95% CI 67 to −468 g) compared with those from less then 2 h a day of exposure
(−117 g, 95% CI 1 to −235 g) (see figure 1). The sizes of the airborne PAH effects were
somewhat larger for the African-American newborns whose mothers frequently consumed
dietary PAH sources (−183 g, 95% CI 17 to −383 g) than those who did not (−84 g, 95% CI
55 to −224 g) (see figure 1).

In the final comprehensive model (see table 3, model 1), a 25th–80th percentile increase in
airborne PAH exposure was associated with a −164 g greater birth weight reduction for the
African-American newborns (95% CI −51 to −277 g; p<0.01) than the Dominican newborns
when putative effect modifiers were not considered. However, the same unit exposure was
associated with a −491 g greater reduction of birth weight (95% CI −197 to −786 g; p<0.01)
for those newborns of obese African-American mothers than those from non-obese
Dominican mothers (table 2, model 2). Frequent consumption of grilled or barbecued items
among the African Americans was associated with an additional reduction of −204 g (95%
CI −21 to −387 g) in birth weight per unit exposure (table 2, model 3).

Modification of PAH effect on fetal growth ratio
Furthermore, a one unit increase in airborne PAH exposure yielded a 14.5% greater
reduction of the fetal growth ratio for those born to obese African-American mothers (95%
CI −5.7 to −23.2%; p=0.001) compared with those from non-obese Dominican mothers.
Frequent dietary intake of grilled or barbecued food among the African Americans was
associated with an additional reduction of 6.0% in the fetal growth ratio (95% CI −0.4 to
−11.3%; p=0.04).

DISCUSSION
In this group of low-income, non-smoking, young pregnant women, we examined
individual-level modifiers of the effect of PAH air pollution on birth weight and the fetal
growth ratio, respectively. Among the African Americans, prepregnancy obesity and
frequent consumption of PAH-containing foods, respectively, modified the airborne PAH
risk, compared with the same unit exposure in Dominicans who lack either trait. Other
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characteristics (ie, absence of spousal support during the present pregnancy, second-hand
smoke exposure ≥2 h/day and material hardship) did not modify the airborne PAH risk.

The observed sizes of PAH effect modifications here require careful interpretation. This is
because the estimated sizes of PAH effects on both birth weight and fetal growth ratio
reductions depend not only on the maternal characteristics, but also on the scale and
reference point of the outcome. For example, clinical consequences of a 5% reduction in
fetal growth ratio are expected to be much more serious for a newborn with moderate
growth restriction status (75–79.99) than a healthy newborn (≥85). Our results thus suggest
that the PAH effects depends not only on maternal traits and behaviours, but also on the
expected growth potential of the fetus.

Several limitations of the present analysis need to be noted. First, a higher prevalence of
multiple behavioural disadvantages and environmental co-exposures among the African-
American women suggest that the threat of residual confounding exists. To address this, we
chose models with a low to moderate variance inflation factor (<10), in which the effect size
for the interaction terms remained stable. Variance inflation factors of the models shown in
table 3 indicated that the models are robust. Second, our questionnaire for the pregnant
women focused on the individual-level characteristics during the current pregnancy, but
other household characteristics, cumulative effects of other chronic stress, preclinical
markers of compromised health conditions and their interactions with neighbourhood
characteristics (eg, social isolation, neighbourhood crime and poverty index) might also be
important predictors of the birth outcomes. These were not examined here.

Strengths of the current study include strict recruitment criteria, which mitigated the
likelihood of individual-level confounding. Also, we observed a consistent dose-related
reduction for both birth weight and the fetal growth ratio, a validated marker of intrauterine
growth restriction, among obese African Americans.

The mechanism of greater PAH susceptibility among obese mothers requires clarification.
Previous epidemiological observations have shown that BαP, a lipophilic pro-carcinogen,
bioaccumulates in the mammary glands and adipose tissues.12 Within a murine model, other
PAH readily accumulated in lipid droplets of the alveolar macropahges and adipocytes
following inhalation.13 In the women who have prepregnancy obesity, intensive lipolysis
and lipogenesis during pregnancy induce considerable mobilisation of the sequestered BαP
along with free fatty acids.12 Therefore, greater bio-availability of the released PAH to the
embryonic/fetal systems during placentation and/or pregnancy maintenance might account
for the greater adverse effect of the airborne PAH among obese women. Alternatively, PAH
might influence the endocrine function of the adipose tissues directly.12 For example,
chronic administration of BαP in mice inhibited catecholamine-induced adipose tissue
lipolysis.12 Such mice underwent significant weight gain.12

Consistent with our earlier observations,6–8 prenatal PAH exposure posed no risk to the fetal
growth of the Dominican newborns. Such a trend is consistent with the paradoxical birth
outcomes among Mexican immigrants living in the USA. Despite their high-risk
demographic and socioeconomic profile, Mexican-American newborns had birth outcomes
that are comparable to those of US non-Hispanic whites with adequate prenatal care.14 The
apparent lack of association between airborne PAH and adverse birth outcomes in
Dominican newborns might reflect healthful cultural practices among recent Dominican
immigrants, such as the consumption of food with high nutritional value and close social
support.

Our observations suggest possibly complex roles of maternal obesity and dietary PAH
intake in heightened susceptibility to airborne PAH among of African Americans. In the US
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population, the ingestion of PAH through grilled, blackened or barbecued food constitutes a
major route of exposure.15 Considering the importance of suboptimal fetal growth in life-
course morbidity and mortality, future studies are needed to confirm the potential endocrine-
disrupting properties of the PAH in a larger sample.
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What is already known on this subject

• PAH are globally generated and distributed mutagens and pro-carcinogens,
emitted during incomplete combustion and/or pyrolosis of solid fuel, including
industrial or domestic coal, wood, cigarette and food items.

• Prenatal exposure to PAH significantly elevates the risks of preterm delivery
and intrauterine growth restriction in African Americans.

• Aetiologies underlying the greater vulnerability of African Americans to
prenatal PAH exposure remains unknown.

What this study adds

• Prenatal airborne PAH exposure for those born to obese African women was
associated with significantly greater reduction in the birth weight and fetal
growth ratio, respectively.

• Both ambient exposure to PAH and high dietary intake of grilled or barbecued
meat or fish during pregnancy contributed to a significantly lower birth weight
of African Americans.

• Inhaled or ingested PAH might interfere with the endocrine function of the
mother–fetus pair.
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Figure 1.
Distribution of summed eight pro-carcinogenic polycyclic aromatic hydrocarbons (PAH)
(ng/m3) over the air monitoring period. The box and the line within it represent the 25th, the
median and the 75th percentile values, respectively. The symbols ° and * represent
observations that are 1.5-fold and greater and threefold larger, respectively, than the
interquartile range.
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